United States Patent

US008494685B2

(12) (10) Patent No.: US 8,494,685 B2
Shaffer 45) Date of Patent: Jul. 23, 2013
(54) SYSTEM FOR UTILIZING PREDICTIVE 7,519,453 B2* 4/2009 Fairlieetal. ...ccovv........ 700/266
ENERGY CONSUMPTION 7,647,137 B2* 1/2010 Sc_hindler ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 700/29;
7,783,390 B2* 82010 Miller .........o.oooeviniinin, 700/291
2001/0025209 A1* 9/2001 Fukuietal. ................... 700/291
(75) Inventor: Shmuel Shaffer, Palo Alto, CA (US) 2002/0087234 A1*  7/2002 Lofetal. .o 700/286
_ _ 2002/0198629 A1™* 12/2002 EIUS oovviviiiiiininiiiiiiininns 700/286
(73) Assignee: Cisco Technology, Inc., San Jose, CA 2003/0055677 Al* 3/2003 Brownetal. .......coeovven.. 705/1
(US) 2004/0133314 A1* 7/2004 Ehlersetal. .................. 700/276
2004/0158360 Al1* 8/2004 QGarlandetal. ............... 700/286
e . . : . : : 2004/0220702 Al1* 11/2004 Matsubaraetal. ........... 700/291
(*) Notice:  Subject to any disclaimer, the term of this 2004/0231339 Al* 11/2004 Miozza etal, .....ooooooo..... 62/3.2
patent 1s extended or adjusted under 35 2005/0055137 Al*  3/2005 Andren etal. ... 700/291
U.S5.C. 154(b) by 741 days. 2005/0234600 A1* 10/2005 Boucheretal. ............. 700/286
2006/0184287 Al* 8/2006 Beladyetal. ................. 700/291
(21) App]_ No.: 12/430,226 2007/0244604 Al* 10/2007 McNally ..., 700/291
2007/0276547 A1* 11/2007 Miller .....oovvvvvevivvniinnni, 700/295
1 1. 2008/0167756 Al1* 7/2008 Goldenetal. ................ 700/297
(22)  Filed: Apr. 21, 2009 2008/0228325 Al*  9/2008 Schindler ..........ccco....... 700/291
_ o 2009/0012654 Al*  1/2009 Culpetal. .....cccooi.... 700/291
(65) Prior Publication Data 2009/0048716 Al* 2/2009 Marhoefer ................... 700/291
2009/0083167 Al1* 3/2009 Subbloie ......coovvvvvinvinnnn, 705/34
US 2010/0274402 Al Oct. 28, 2010 2009/0240381 Al1l* 9/20009 Lane ........cooevevvvvivinnnnnn. 700/296
2010/0114799 A1* 5/2010 Blacketal. ................. 705/412
(51) Int.Cl. 2010/0268579 Al* 10/2010 Momoh .....ccovveveenn.... 705/14.1
GOSD 11/00 (2006,01) 2010/0275147 Al1* 10/2010 Kaufmanetal. ............. T15/771
(52) US.Cl. * cited by examiner
USPC e, 700/291:; 715/771;, 705/412
(58) Field of Classification Search Primary Examiner — Mohammad Ali
USPC 700/2776, 286, 291; 715/771; 705/412 Assistant Examiner — Anthony Whittington
See application file for complete search history. (74) Attorney, Agent, or Firm — P. Su
(56) References Cited (57) ABSTRACT
U S PATENT DOCUMENTS In one embotdiment,,‘a method includes identitying a first time
6.512.066 B2* 12003 Lofetal. wooo. 200/291 that 1s associated }wlth a first dgmand amount for a resource.
6.681.154 B2* 1/2004 Nierlichetal. .............. 700/286 The method alsoimcludes providing the resource to a device
6,732,019 B2* 5/2004 Spooletal. ................... 700/291 such that the device changes an area temperature from a first
6,745,109 B2: 6/2004 Kojimaetal. ... 700/291 temperature to approximately a second temperature that is
6,785,592 Bl 82004 Smithetal. .................. 700/291 reached at approximately the first time. The resource is with-
7,062,360 B2* 6/2006 Fairheetal. .................. 700/286 held £ the dev: hen th d1 A . .
7,181,316 B2* 2/2007 Fairlieetal. ....cocoo.oo....... 700/266 cld Irom the device Whell te sSeCOLA ICHIPErature 15 dpproxi-
7343,226 B2* 3/2008 Ehlersetal. .ooococvvvvrvi... 700/276 mately reached at approximately the first time.
7406364 B2* 7/2008 Andrenetal. ................ 700/286
7478,070 B2* 1/2009 Fukw etal. ................... 705/412 17 Claims, 8 Drawing Sheets

1004,

ENERGY CONTROLLER-CONTROLLED

DEVICE —108
(HEATING/COOLING DEVICE) 4§
112
COMMUNICATIONS INTERFAGE [
L— 104
-110
ENERGY CONTROLLER [/

CUSTOMER ENVIRONMENT

COMMUNICATIONS |+ 120
INTERFACE

POWER |,f"‘724
(ELECTRICITY) ||—~116
SUPPLY
ARRANGEMENT

DATABASE
ARRANGEMENT

—128

HEAD-END




U.S. Patent

1004

Jul. 23, 2013 Sheet 1 of 8 US 8,494,685 B2
ENERGY CONTROLLER-CONTROLLED
DEVICE 108
(HEATING/COOLING DEVICE)
112
COMMUNICATIONS INTERFACE
104
110
ENERGY CONTROLLER
CUSTOMER ENVIRONMENT
COMMUNICATIONS |4+— 120
INTERFACE
POWER 124
(ELECTRICITY) 116
SUPPLY
ARRANGEMENT
DATABASE 128
ARRANGEMENT
HEAD-END

FIG. 1



U.S. Patent Jul. 23, 2013 Sheet 2 of 8 US 8,494,685 B2

IDENTIFY FUTURE PEAK IN
CONSUMPTION DURING WHICH 205
PREDICTED RESOURCE
REQUESTS EXCEED FORECASTED
READILY AVAILABLE RESOURCES

Y

FORECAST OR DETERMINE
WHETHER TEMPERATURE AT
CUSTOMER SITE IS WITHIN 209
DESIRED BAND AT A -
PREDETERMINED TIME BEFORE
FUTURE PEAK IS EXPECTED

—217
ALLOW CUSTOMER EC-

> CONTROLLED DEVICE TO
OPERATE PER PROGRAM

TEMPERATURE
AT MAXIMUM DESIREDN\YES
IF HEATING OR

INIMUM DESIRED
IF COOLING

CONTROL ENERGY CONTROLLER-
CONTROLLED (EC-CONTROLLED)
DEVICE TO BRING TEMPERATURE

TO APPROPRIATE ENDPOINT (E.G., 241
HIGHEST TEMPERATURE OF BAND

FOR HEATING AND LOWEST
TEMPERATURE OF BAND FOR
COOLING)

FIG. 2




U.S. Patent Jul. 23, 2013 Sheet 3 of 8 US 8,494,685 B2

332 -

Temperatu rey

344

336—

— | ' — | =
| | |
‘ : : Y . . \\53408'nwe(n

I I
(SYSTEM) (SYSTEM) ! | |
OFF . ON OFF 1+ ON 1« OFF

FIG. 3



U.S. Patent Jul. 23, 2013 Sheet 4 of 8 US 8,494,685 B2

432 —o

Temperatu rep

442—

436~

| | | | | >
| | | .
: ] . ] i y \_ 4405 Time (1)

I I
(SYSTEM) (SYSTEM) + ! !
OFF @ ON 1 27 -

F1G. 4



U.S. Patent Jul. 23, 2013 Sheet 5 of 8 US 8,494,685 B2

950 —¢

Power
Use
(in MW)

‘ -
Hour of Day
L e (for given day)
Hime Critica@me
560
~~556

FIG. 5



U.S. Patent Jul. 23, 2013 Sheet 6 of 8 US 8,494,685 B2

616 —~4

COMMUNICATIONS | — 620
INTERFACE
RESOURCE

(POWER, 624
ELECTRICITY)

SUPPLY
ARRANGEMENT

DATABASE 628
ARRANGEMENT

DEMAND 670
FORECASTING
ARRANGEMENT

PROCESSING 678
ARRANGEMENT

PREDICTIVE
RESOURCE
CONSUMPTION
ARRANGEMENT

674

FIG. 6



U.S. Patent Jul. 23, 2013 Sheet 7 of 8 US 8,494,685 B2

MONITOR COOLING UNIT AND 705
RESOURCE DEMAND
FORECAST(S)

709

PEAK
CONSUMPTION A

FUTURE TIME NO
OREDICTED TO EXCEEL
AVAILABLE
RESOURCES
?
YES
721
DETERMINE TIME AT WHICH TO
BEGIN COOLING PROCESS (E.G.,
EMPERATUR TO TURN COOLING UNIT ON) SUCH
NO THAT MINIMUM DESIRED
AT MINIMUM DESIRED » TEMPERATURE IS REACHED
TEMPERATURE AT SUBSTANTIALLY WHEN
FUTURE TIME? RESOURCE CONSUMPTION IS
PREDICTED TO EXCEED
AVAILABLE RESOURCES
YES 717 WHEN TIME AT WHICH TO BEGIN
ALLOW COOLING UNIT TO COOLING PROCESS IS REACHED,
OPERATE PER PROGRAM TURN ON COOLING UNIT AND
ASSOCIATED WITH ENERGY ALLOW COOLING UNIT TO REMAIN
CONTROLLER ON AT LEAST UNTIL MINIMUM
DESIRED TEMPERATURE IS
REACHED
\-725

FIG. 7



U.S. Patent Jul. 23, 2013 Sheet 8 of 8 US 8,494,685 B2
801—4
MONITOR HEATING UNIT AND 805
RESOURCE DEMAND -
FORECAST(S)
809
PEAK
CONSUMPTION A
FUTURE TIME NO
PREDICTED TO EXCEEL
AVAILABLE
RESOURCES
?
YES
821
813 DETERMINE TIME AT WHICH TO
BEGIN HEATING PROCESS (E.G.,
EMPERATUR TO TURN HEATING UNIT ON) SUCH
ANTICIPATED TO B NO THAT MAXIMUM DESIRED
AT MAXIMUM DESIRED - TEMPERATURE IS REACHED
TEMPERATURE AT SUBSTANTIALLY WHEN
FUTURE TIME? RESOURCE CONSUMPTION IS
PREDICTED TO EXCEED
AVAILABLE RESOURCES
YES /,.817 WHEN TIME AT WHICH TO BEGIN

ALLOW HEATING UNIT TO
OPERATE PER ENERGY

CONTROLLER PROGRAM

TO
805

HEATING PROCESS IS REACHED,
TURN ON HEATING UNIT AND
ALLOW HEATING UNIT TO REMAIN
AT LEAST UNTIL MAXIMUM
DESIRED TEMPERATURE IS

FIG. 8

REACHED
K8.’25

TO
805



US 8,494,685 B2

1

SYSTEM FOR UTILIZING PREDICTIVE
ENERGY CONSUMPTION

BACKGROUND OF THE INVENTION

The present invention relates generally to energy consump-
tion.

The demand for energy resources often varies during the
course of a day. By way of example, the demand for energy 1s
often lower during the might and higher during the day. At
times, the demand for energy may peak such that an energy
supplier must resort to peak consumption shaving techniques
that may inconvenience customers. When the demand for
energy peaks, the energy supplier may request that customers
or end-users turn oil appliances, or the energy supplier may
limit the amount of energy that the customers may use when
demand for energy 1s high.

If customers are unable to use energy when they demand 1t,
customers are often dissatisfied. For example, on a particu-
larly hot day, customers may wish to utilize their air condi-
tioners 1n order to maintain a comiortable temperature 1n their
environments. If the demand for energy 1s peaked such that
many customers are unable to use their air conditioners, those
customers are likely to be extremely dissatistied. Although
he temperature 1n their environments may remain within a
esired range for some time aiter customers are unable to use
heir air conditioners, the temperature will often exceed the
esired range at some point. The closer the temperature 1s to
he upper threshold of the desired range when the customer 1s
unable to use energy, the more likely the temperature 1s to
eventually exceed the upper threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be readily understood by the following
detailed description 1n conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a block diagram representation of a climate con-
trol system that utilizes predictive energy consumption in
accordance with an embodiment of the present invention.

FIG. 2 1s a process tlow diagram which illustrates a general
method of regulating climate control at a customer site based
on predictive energy consumption in accordance with an
embodiment of the present invention.

FIG. 3 1s a diagrammatic representation of a temperature
profile associated with a cooling system controlled using
predictive energy consumption in accordance with an
embodiment of the present invention.

FI1G. 4 1s a diagrammatic representation of a temperature
profile associated with a heating system controlled using
predictive energy consumption in accordance with an
embodiment of the present invention.

FIG. 5 1s a diagrammatic representation of energy con-
sumption graph in accordance with an embodiment of the
present invention.

FIG. 6 1s a block diagram representation of a head-end in
accordance with an embodiment of the present invention.

FI1G. 7 1s a process tlow diagram which illustrates a method
of controlling a cooling unit at a customer site based on
predictive energy consumption in accordance with an
embodiment of the present invention.

FI1G. 8 1s a process tlow diagram which illustrates a method
of conftrolling a heating unit at a customer site based on
predictive energy consumption in accordance with an
embodiment of the present invention.
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2
DESCRIPTION OF EXAMPLE EMBODIMENTS

General Overview

According to one aspect of the present invention, a method
includes 1dentifying a first time that 1s associated with a first
demand amount for a resource. The method also includes
providing the resource to a device such that the device
changes an area temperature from a first temperature to
approximately a second temperature that 1s reached at
approximately the first time. The resource 1s withheld from
the device when the second temperature 1s approximately
reached at approximately the first time. In one embodiment,
the first demand amount 1s a predicted peak demand amount,
and the resource 1s an energy-related resource.

Description

When there 1s a peak 1n demand for resources, and a utility
company does not have sullicient resources to meet the
demand, some customers may be prevented from using the
resources. The customers that lose the use of resources pro-
vided by the utility may experience a drop 1n satistaction. For
example, a home which loses all electrical power when the
utility company has insuificient capacity to supply the home
may result 1n the occupants of the home being inconve-
nienced and likely dissatisfied. A customer who 1s asked by a
utility company to turn oif certain appliances in order to
implement peak consumption shaving may also be dissatis-
fied. Although a utility company may 1n some situations use
peak load shaving to “shave ofl” or reduce some of the
demand by obtaining extra resources from other sources, e.g.,
a combustion power generation plant that is substantially only
run by some customers when there 1s a high demand for
power, activating or otherwise obtaining such extra resources
may often be expensive for the utility company.

To reduce or substantially avoid the need for peak load
shaving, a climate-control system may eflectively be
informed by a demand response system of a utility when there
will be a peak 1n demand for resources and invoke the early
use of the resources when the resources are readily available.
By way of example, an air conditioning appliance or a heating
appliance may use resources such as energy when there 1s
readily available energy prior to a peak 1n demand, and sub-
stantially avoid using energy during a peak 1n the demand for
energy. In other words, the air conditioning appliance or the
heating appliance may consume energy when 1t 1s readily
available, and likely less expensive, rather than when demand
for the energy may be greater. Predicting when a peak 1n the
demand for energy may occur allows a system to invoke the
carly use of energy.

In general, an area, e.g., a room, 1s heated and/or cooled by
an energy controller-controlled (EC-controlled) device such
that a temperature in the area 1s maintained within a particular
desired range. Just prior to a predicted or otherwise antici-
pated peak in demand for energy, the room may be heated to
approximately the highest temperature 1n the range, or the
room may be cooled to approximately the lowest temperature
in the range, as appropriate. As a result, the EC-controlled
device would effectively end any significant consumption of
energy just as the peak in demand for energy begins, thereby
potentially alleviating the demand for energy during a peak
demand period. Further, when the temperature in the area 1s at
an appropriate threshold temperature when a peak 1n demand
for energy begins, the amount of time the temperature 1n the
area may be maintained in the desired range generally
increases. For example, 11 the temperature in the area 1is
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cooled by an air conditioning appliance to approximately the
lowest temperature 1n a desired range just prior to a peak 1n
demand, although the temperature may rise after the air con-
ditioning appliance 1s turned off, the temperature may be
maintained within the desired range for longer than 11 the
temperature was higher than the lowest temperature 1n the
desired range just prior to the peak in demand. Similarly, 1f the
temperature 1n the area i1s heated or warmed by a heating
appliance to approximately the highest temperature i a
desired range just prior to a peak in demand, while the tem-
perature may decrease after the heating appliance 1s turned
off, the temperature may be maintained within the desired
range for longer than 1f the temperature was lower than the
highest temperature 1n the desired range just prior to the peak
in demand.

Referring mitially to FIG. 1, a climate control system that
utilizes predictive energy consumption will be described in
accordance with an embodiment of the present invention. A
climate control system 100 includes a customer environment
or site 104 and a head-end 116. Customer environment 104
may be a building, e.g., a home or an oiffice building, or
substantially any designated area, e.g., a room 1n a building.
Head-end 116 may be associated with a utility company, or
substantially any provider of a resource that 1s used by cus-
tomer environment 104.

Customer environment 104 includes an EC-controlled
device 108 which, 1n the described embodiment, 1s an appli-
ance which 1s arranged to heat and/or cool customer environ-
ment 104. EC-controlled device 108 1s typically programmed
to operate such that when a temperature of customer environ-
ment 104 1s not within a desired range, EC-controlled device
108 turns on to either raise or lower the temperature as appro-
priate. An energy controller 110 1s configured to control
operations ol EC-controlled device 108, and may utilize tem-
perature-related information, e.g., information obtained from
a thermostat, to control operations of EC-controlled device
108.

EC-controlled device 108 may establish communication
with head-end 116 such that head-end 116 may effectively
convey information that has an affect on the operation of
EC-controlled device 108. For example, 11 head-end 128 pre-
dicts that peak 1n demand for power 1s to occur at a future
time, then head-end 128 may affect the operations of EC-
controlled device 108 to utilize power while customer envi-
ronment 104 1s effectively still within comifort thresholds,
such that the EC-controlled device 108 may substantially
avold using power at the future time.

Head-end 116 includes a power or electricity supply
arrangement 124 that 1s configured for head-end 116 to sup-
ply power or electricity to customer environment 104. Power
supply arrangement 124 may be associated with a power grid
which provides power to customer environment 104 or, in one
embodiment, EC-controlled device 108. Power supply
arrangement 124 may be configured to help balance power
generation and transmission with load presented by consum-
ers. In one embodiment, when power supply 1s predicted as
possibly falling short of demand, energy controller 110 may
be notified, e.g., by power supply arrangement 124, of an
estimated time at which an imbalance may occur. Head-end
116 also includes a database arrangement 128 which 1s
arranged to obtain information that may be used to forecast
demands, and to determine an amount of readily available
power. Database arrangement 128 may either store informa-
tion, as for example 1n a database (not shown), or may access
information from an external source (not shown).

In general, head-end 116 and customer environment 104
may exchange information or otherwise communicate
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4

through a communications interface 120 and a communica-
tions interface 112, respectively. Any suitable communica-
tions network (not shown) may generally enable information
to be sent and recerved using communications intertace 120
and commumnications interface 112. Energy controller 110
uses information regarding the temperature of customer envi-
ronment 104 and communicates with head-end 116 using
communications interface 112. Head-end 116 may eflec-
tively control energy controller 110 by sending commands or
other information using communications interface 120. It
should be appreciated that energy controller 110 may control
EC-controlled device 108 using information received from
head-end 116.

In one embodiment, commands provided by head-end 116
may effectively override or interrupt a program executing on
EC-controlled device 108 and cause EC-controlled device
108 to turn on when the program specifies otherwise, e.g., that
the EC-controlled device 1s to be turned off. Alternatively,
head-end 116 may provide new information to energy con-
troller 110, and a program or application may use the new
information to start the operation of EC-controlled device 108
during a time when a room temperature 1s within comifort
limits. Information and/or commands provided by head-end
116 may also be used to essentially restore the program
executing on EC-controlled device 108 after an “interrupt™ of
the program 1s completed. It should be appreciated that an
“interrupt” 1s just an example of accounting for time-varying
information obtained from head-end 116.

A head-end, e.g., a resource control center, that 1s 1n com-
munication with an EC-controlled device via a network may
provide signals to turn on, and to turn oif, the EC-controlled
device. In other words, a head-end that communicates with an
EC-controlled device may etlectively override a program on
the device such that even 1f the program indicates that the
device 1s to be off, the head-end may cause the device to turn
on. It should be appreciated that in some embodiments, the
head-end substantially only provides information to an
energy controller, and the energy controller which acts upon
the information obtained from the head-end to change opera-
tions of device to substantially optimize heating and/or cool-
ing cycles, as appropnate, with regard to peak load condi-
tions. FIG. 2 1s a process flow diagram which illustrates a
general method of regulating climate control at a customer
site, e.g., such that the temperature of the environment at the
customer site 1s eflectively regulated, based on predictive
energy consumption in accordance with an embodiment of
the present invention. A process 201 of remotely regulating
climate control begins at step 203 1n which a future peak 1n
load, e.g., energy consumption that substantially coincides
with forecasted available resources being exceeded, 1s 1den-
tified. That 1s, a future peak 1n consumption that occurs when
or substantially while readily available resources are fore-
casted as being exceeded 1s 1dentified. The 1dentification may
be made by an energy controller or a head-end, depending
upon how an overall system 1s configured. As will be appre-
ciated by those skilled 1n the art, utilities generally maintain
certaln spinning reserve margins, €.g., operational reserve
margins, to mitigate brownouts. As such, 1n one embodiment,
an estimated time when a load may exceed readily available
resources refers to readily available resources minus legally
required spinning reserves.

It should be appreciated that factors used to determine
whether forecasted, or expected, readily available resources
will be exceeded may vary. By way of example, the forecasted
readily available resources may be indicative of the substan-
tially maximum amount of resources that may be produced.
Alternatively, the forecasted readily available resource may
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be 1indicative of the substantially maximum amount of
resources that are readily available. The amount of resources
that are readily available and the amount of resources that
may be produced may differ. The term “readily available™
may refer to low cost resources such as those produced by
conventional generators powered by coal and/or nuclear
energy, as compared with more expensive resources, €.g.,
resources generated using combustion generators powered by
gas.

Once a future peak 1n consumption, or a future shortage of
resources, 1s 1dentified 1n step 2035, the temperature at the
customer site 1s forecasted or otherwise determined relative to
a predetermined time before the future peak 1s expected 1n
step 209. In other words, the temperature at the customer site
1s estimated for a predetermined time before the future peak,
and 1t 1s forecasted or otherwise determined whether that
temperature 1s within a desired band. As will be appreciated
by those skilled 1n the art, an EC-controlled device 1s gener-
ally arranged to maintain a temperature within a particular
band or range. For example, an climate control unit 1n a
private home may be arranged to maintain a temperature of
between approximately a first temperature and a second tem-
perature such that 11 the temperature 1s lower than the first
temperature, the climate control unit heats the home, and such
that 1f the temperature 1s higher than the second temperature,
the climate control unit cools the home.

The predetermined time before a future peak 1s expected
may substantially correspond to an amount of time estimated
as being needed to lower the temperature at the customer site
to the lowest desired temperature or to raise the temperature at
the customer site to the highest desired temperate, as appro-
priate. In one embodiment, the predetermined time may be a
set amount of time before the future peak 1s expected.

A determination 1s made 1n step 213 as to whether the
temperature at the customer site 1s at approximately a maxi-
mum desired temperature if the desired band 1s associated
with a heating cycle, or 1 the temperature at the customer site
1s at approximately a minimum desired temperature if the
desired band 1s associated with a cooling cycle. 11 the deter-
mination 1s that the temperature 1s at approximately a maxi-
mum desired temperature if the desired band 1s associated
with a heating cycle, or 1f the determination 1s that the tem-
perature 1s at approximately a mimnimum desired temperature
if the desired band 1s associated with a cooling cycle, then the
indication 1s that the early use of resources 1s not to be
invoked. As such, an EC-controlled device at the customer
site 1s allowed to operate 1n step 217 as programmed. In other
words, settings provided by an administrator at the customer
site are eflectively not overridden, e.g., by an energy control-
ler using information provided by a head-end. The process of
regulating climate control 1s completed after the EC-con-
trolled device 1s allowed to operate as programmed. It should
be appreciated that previous steps may be periodically revis-
ited at substantially any time in an effort to ensure that a
substantially optimal cycle may be achieved.

Alternatively, 1f 1t 1s determined 1n step 213 that the tem-
perature 1s not at a maximum desired temperature for a heat-
ing cycle or at a minimum desired temperature for a cooling
cycle, the implication 1s that the early use ofresources may be
invoked to bring the temperature to either approximately the
maximum desired temperature for a heating cycle or approxi-
mately the mimmum desired temperature for a cooling cycle,
as appropriate. In other words, the temperature 1s brought to
the approximately maximum desired temperature at substan-
tially the same time the peak load event occurs for a heating,
cycle for a heater, and the temperature 1s brought to the
approximately minimum desired temperature at substantially
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the same time the peak load event occurs for a cooling cycle
for an air conditioner. Accordingly, a head-end and/or an
energy controller may control the EC-controlled device at the
customer site in step 221 to bring the temperature to an
appropriate endpoint, threshold, or boundary at approxi-
mately the same time that a peak load occurs. It should be
appreciated that the appropriate endpoint may be approxi-
mately the highest temperature 1n a desired band for heating
or the lowest temperature 1n a desired band for cooling. The
desired band may represent a “comiort zone™ specified by the
customer site. The head-end may send signals, as for example
via communications channels 1n a network, to the EC-con-
trolled device to control the operation of the EC-controlled
device. Once the head-end controls the EC-controlled device,
the process of remotely regulating climate control 1s com-
pleted.

In general, when the early use of resources 1s mvoked to
cool an environment, as for example when an air conditioner
1s to be turned on to reduce the temperature at a customer site,
the temperature may be reduced such that at a time when a
peak 1n usage 1s expected to occur, an approximately mini-
mum desired temperature 1s reached. If a minimum desired
temperature 1s essentially reached at a time when a peak
consumption period starts, €.g., a peak 1n usage throughout an
overall system, that 1s anticipated, then the temperature at the
customer site may remain 1n a desired band of temperatures
for a substantially maximum amount of time after resources a
peak load condition starts. A peak load condition may occur
for any number of reasons including, but no limited to includ-
ing, the presence of an unplanned load on an energy grid or an
unexpected loss of a generation facility.

FIG. 3 1s a diagrammatic representation ol a temperature
profile associated with a cooling system controlled using
predictive energy consumption in accordance with an
embodiment of the present invention. A graphical represen-
tation 332 includes a time axis 340q and a temperature axis
340b. In an environment 1n which a temperature 1s cooled
using a cooling system, a desired temperature band or range 1s
defined between a high temperature (1,,) 342, or a higher
bound threshold temperature, and a low temperature (1)
336, or a lower bound threshold temperature. Typically, 1n a
cooling system, T,, 342 1s substantially the maximum tem-
perature that 1s acceptable in an environment. Hence, 1if T
342 1s approximately reached, a cooling system turns on to
cool the environment. When a cooling system turns on,
energy 1s effectively used by the cooling system to lower the
temperature of the environment. The cooling system may
remain on until T, 336 i1s approximately reached, at which
point the cooling system may turn oif. Turning oif the cooling
system generally includes substantially withdrawing the
energy irom the cooling system, denying the cooling system
more energy, withholding energy from the cooling system, or
ceasing providing the cooling system with more energy.

A trace or profile 344 represents the temperature of an
environment. At a time tl, trace 344 indicates that the tem-
perature of the environment 1s approximately T, 336. The
cooling system 1s off between time t1 and a time 12 while the
temperature of the environment rises, e.g., due to the cooling
system being off. At time 12, as shown by trace 344, the
temperature of the environment 1s approximately T, 342, or
approximately the maximum desired temperature 1n the envi-
ronment. Between time t2 and a time t3, the cooling system 1s
on such that cooling 1s provided to the environment. As such,
trace 344 indicates that the temperature of the environment 1s
lowered from approximately T ,,342 to approximately T, 336
such that'T; 336 1s substantially reached at time t3. At time t3,
the cooling system turns oif and, as indicated by trace 344, the
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temperature of the environment begins to rise. The length of
time needed for the temperature to rise 1s generally different
from the duration of a cooling down period, although the
length and the duration may be approximately the same.

For illustrative purposes, energy demand 1s predicted as
peaking at approximately time t5. Such a prediction may be
made based on, for example, an expectation of warmer-than-
expected temperatures that may cause consumers to mvoke
cooling earlier than predicted. Therefore, at a time t4, which
1s a predetermined amount of time before time tS as calculated
based on a cooling down rate that may be achieved and a
specific temperature at which the environment may be at any
given time, an early use of energy 1s eflectively invoked.
Although trace 344 indicates that the temperature at time t4 1s
within the desired band between T, 342 and T, 336, the
cooling unit 1s turned on at time t4 1n order to avoid having to
consume energy at time t5, when there are eflectively no
readily available energy resources that are accessible to a
given grid section. It should be appreciated that when there
are elfectively no readily available energy resources, a utility
may need to purchase energy at a premium cost, bring expen-
stve generators online, and/or invoke demand response. In
one embodiment, time t4 1s calculated such that T, 336 may
be reached substantially at time t3. In other words, time t4 1s
chosen to enable the temperature of the environment to follow
a substantially standard cooling trend to cool and reach a
lower bound temperature of a desired band at time t5. It
should be appreciated that in some 1instances, the temperature
of the environment may be brought down to a temperature
lower than T, 336 at time t4.

At time t5, the cooling unit 1s turned off. As time tS corre-
sponds to a time at which energy demand i1s predicted as
peaking, or otherwise exceeding a readily available energy
generation or transmission capacity, trace 344 indicates that
the temperature of the environment 1s allowed to rise. At a
time t6, 11 energy demand 1s no longer at 1ts peak and/or 1t
there 1s readily available energy for the cooling unit, the
cooling unit may turn on to cool the environment. If there 1s
substantially no readily available energy at time t6, however,
it should be understood that the temperature of the environ-
ment may continue to increase, as there 1s substantially no
energy readily available to turn on the cooling unit. In one
embodiment, time tS may instead be a time when the time of
use rate a utility charges to i1ts customers increases, and time
t4 may be calculated such that energy may be used before the
time of use rate increases.

With reference to FIG. 4, a temperature profile associated
with a heating system that may be controlled using predictive
energy consumption will be described 1n accordance with an
embodiment of the present mvention. A graphical represen-
tation 432 of a temperature trace or proiile 448 associated
with a heating system includes a time axis 440q and a tem-
perature axis 4405. In an environment 1n which a temperature
1s raised using a heating system, a desired temperature band
or range 1s defined between T, 442, or a higher bound or
endpoint temperature, and T, 436, or a lower bound or end-
point temperature. Generally, 1n a heating system, T, 442 1s
substantially the maximum temperature that 1s desired 1n an
environment, while when T, 436 1s approximately reached,
the heating system turns on to heat the environment. When the
heating system turns on, energy 1s elfectively used to raise the
temperature 1n the environment. The heating system may
remain on until the higher or upper bound temperature T ,, 442
1s approximately reached. When T, 442 1s approximately
reached, the heating system may turn off. Turming oif the
heating system may entail substantially withdrawing the
energy from the heating system, denying the heating system
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turther energy, withholding the energy from the heating sys-
tem, or ceasing providing the heating system with any more
energy.

Trace 448 represents the temperature of an environment. At
a time tl, trace 448 indicates that the temperature of the
environment 1s approximately T, 442. The heating system 1s
ofl between time t1 and a time 12 while the temperature of the
environment cools, ¢.g., due to the heating system being oif.
At time 12, as 1indicated by trace 448, the temperature of the
environment 1s approximately T, 436, or approximately the
minimum desired or acceptable temperature 1n the environ-
ment. At approximately time t2, the heating system utilizes
energy and turns on. In one embodiment, an energy controller
may provide energy to a heating system, thereby allowing the
heating system to start a heating process.

Between time 12 and a time t3, the heating system heats the
environment. In other words, the heating system 1s on such
that heat 1s provided to the environment substantially between
time t2 and time t3. Trace 448 1indicates that the temperature
of the environment 1s raised to approximately T, 442 from
approximately T, 436 such that T,, 442 1s substantially
reached at time t3. At time t3, the heating system turns off and
the temperature of the environment begins to decrease. A
heating system may cease operation either because the heat-
ing system 1s turned ofl programmatically, or because an
energy controller turns of the power to the heating system.

In the described embodiment, energy demand 1s predicted
as peaking at approximately time tS. For example, a power
supply arrangement may predict that due to cooler than
expected temperatures, consumers may turn their heating
systems on earlier than previously predicted and, thus, risk
the ability of a utility to maintain adequate spinning reserves.
Therefore, at a time t4, which 1s a predetermined amount of
time before time t5, an early use of energy 1s elfectively
invoked. Although trace 344 indicates that the temperature at
time t4 1s within the desired band between T,,442 and T, 436,
the heating unit 1s turned on at time t4 1n order to avoid having
to consume energy at time tS, when there are effectively no
readily available energy resources that are accessible. Time t4
may be calculated such that T, 442 1s substantially reached
approximately at time 8, 1.e., approximately when energy
demand 1s predicted as peaking.

At time t5, the heating unit 1s turned oif and, as indicated by
trace 448, the temperature of the environment 1s allowed to
decline. At a time 16, if energy demand 1s no longer at 1ts peak
and/or 1I there 1s readily available energy to be satisty a
demand of the heating unit, the heating unit may be turned on.
If there 1s substantially no readily available energy at time t6,
however, the temperature of the environment may continue to
decrease, and may subsequently fall below T, 436 because
there 1s elfectively no readily available energy 1n a grid sec-
tion associated with the heating system.

Statistical information collected by a head-end, which may
be associated with an energy or power supplier, may be used
to forecast a potential demand for energy. In general, an
energy or power supplier 1s a utility company. As will be
appreciated by those skilled 1n the art, information relating to
past energy usage ol customer sites may be used by an energy
supplier to forecast or predict how much energy 1s likely to be
used under certain conditions. By way of example, an amount
of energy used by customers of an energy supplier on a
previous day in which temperatures exceeded 100 degrees
Fahrenheit (F) may be used by the energy supplier to estimate
how much energy 1s relatively likely to be demanded or
otherwise requested at future times when temperatures are
predicted to exceed 100 degrees. The energy supplier may
compare a demand forecast with a forecast of readily avail-
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able resources to determine when 1t may be appropriate to
invoke the early consumption of energy.

FIG. 5 1s a diagrammatic representation of energy con-
sumption graph in accordance with an embodiment of the
present invention. An energy consumption graph 550 1s typi-
cally created and maintained by, or for, an energy or power
supplier. Energy consumption graph 550 includes a represen-
tation 562 of an actual power usage at different hours during,
a current day, arepresentation 558 of a previously anticipated
demand forecast at different hours during the current day, a
representation 566 of a revised demand forecast, and a rep-
resentation 554 of a forecast for readily available resources
during the current day.

Representation 562 of actual power usage 1s arranged to
substantially show how much power was used by customers
before present hour H, 556. Representation 562 may be gen-
crated by gathering information from an electricity grid, e.g.,
through a communications network, which indicates how
much power 1s consumed by customers.

In one embodiment, representation 558 of a previously
anticipated demand forecast may be a forecast generated on a
previous day. For example, representation 558 may be a pre-
diction generated the day before the current day. Representa-
tion 558 may be generated based on how much power was
actually demanded on a previous day which was relatively
similar to the current day. Whether a current day 1s considered
to be similar to a previous day may depend on a variety of
factors including, but not limited to including, the season, the
day of the week, and/or the weather.

Representation 554 of a forecast for readily available
resources may be indicative of either an amount of resources
reserved by or allocated to the energy supplier, or an amount
of resources that the energy supplier may acquire if necessary.
Typically, representation 554 1s arranged to indicate the
amount of resources, e.g., power or transmission capacity,
that 1s substantially readily available to the energy supplier at
any hour of the current day. For purposes of illustration,
energy consumption graph 550 effectively assumes that there
are no spinning reserves, although many system will typically
include spinning reserves.

At present time H, 356, the actual demand for energy up to
present hour H, 556 1s known, as indicated by representation
562. Hence, using information effectively provided 1n repre-
sentation 562, as well as other information, e.g., information
relating to the weather, a demand forecast may be revised.
That 1s, a demand forecast that 1s based on information that 1s
more recent than the information used to substantially gener-
ate representation 358 may be created as indicated by repre-
sentation 566.

Using representation 566 of a revised demand forecast, a
utility may identify a critical time H_, 560, or a time at which
a demand forecast 1s predicted as being relatively likely to
exceed the forecasted amount of readily available resources.
As shown, at approximately critical time H_ 560, represen-
tation 566 of a revised demand forecast begins to exceed a
forecast for readily available resources as indicated by repre-
sentation 554. Hence, at some time between present time H,
556 and critical time H - 560, the energy supplier may imnvoke
the early use of energy 1n an attempt to bring demand and
supply 1nto balance. The invocation of the early use of energy
may help to postpone when a critical time H . 560 occurs and,
hence, allow for additional time to bring new resources
online. Invoking the early use of energy may include com-
manding devices, as for example heating units, at customer
sites to utilize energy, as for example to heat customer envi-
ronments to substantially maximum desired temperatures. I
carly use of energy 1s mvoked with respect to at least some
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customer sites serviced by the utility, the likelihood that the
utility will need more resources than are available at critical
time H, 560 may be reduced. The early use of energy prior to
critical time H,- 560 may result 1n a reduction in demand for
resources at critical time H,- 560. As previously mentioned,
the invocation of the early use of energy may help to postpone
when a critical time H_. 560 occurs and, hence, allow for
additional time to bring new resources online.

A utility or, more generally, a resource supplier, may
include a head-end that includes functionality used to imple-
ment predictive resource consumption, €.g., by mvoking the
carly use of the resource. FIG. 6 1s a block diagram represen-
tation of a head-end 1n accordance with an embodiment of the
present invention. A head-end 616 generally includes a com-
munications interface 620 that 1s arranged to allow head-end
616 to send signals to, and/or receive signals from, an energy
controller (not shown) or, 1n some 1nstances, a device (not
shown) at a customer site. In one embodiment, communica-
tions interface 620 includes at least one port that 1s arranged
to be used to send and to recerve information from an energy
controller (not shown) or, 1n some instances, an EC-con-
trolled device (not shown) at a customer site.

Head-end 616 also includes a resource supply arrangement
624 that configured monitor the availability of resources to be
provided to a device (not shown) at a customer site. Resource
supply arrangement 624 may be arranged to monitor a device
(not shown) at a customer site with regards to any suitable
resource, as for example power or electricity.

Information that 1s used by head-end 616 to forecast
demand for a resource may be accessed using database
arrangement 628. Database arrangement 628 may include a
database in which information obtained through communica-
tions interface 620 may be stored such that the information 1s
accessible to head-end 616. Alternatively, database arrange-
ment 628 may be arranged to obtain information from exter-
nal databases (not shown). If database arrangement 628
includes a database or other storage structure, then informa-
tion stored 1n the database may 1nclude, but 1s not limited to
including, historical demand information associated with
customer sites, weather forecast information, and/or histori-
cal weather information. Database arrangement 628 may also
store information relating to the preferences associated with
various customer sites. By way of example, database arrange-
ment 628 may store information that indicates whether vari-
ous customer sites are amenable to mvoking early resource
usage.

A demand forecasting arrangement 670 1s arranged to use
information obtained from database arrangement 628 to pre-
dict various demands. Demand forecasting arrangement 670
may be used to identify a likely demand for a resource, and a
likely availability of the resource.

A predictive resource consumption arrangement 674 may
be configured to determine whether there 1s a time at which
demand for a resource 1s likely to exceed a readily available
amount of the resource, and to determine when to 1nvoke the
carly usage of the resource with respect to various customer
sites. An energy controller at a customer site may typically
control a device at the customer site, However, 1t should be
appreciated that predictive resource consumption arrange-
ment 674 may also be used to control devices (not shown) at
the customer sites by turning the devices on to ivoke the
carly use of resources. That 1s, predictive resource consump-
tion arrangement 674 may use communications interface 620
to interact with energy controllers (not shown) at customer
sites to implement early use of resources.

A processing arrangement 678 cooperates with demand
forecasting arrangement 670 and predictive resource con-




US 8,494,685 B2

11

sumption arrangement 674 to forecast demands for resources
and to 1dentily appropnate times to invoke the early use of
resources. In one embodiment, processing arrangement 678
1s arranged to execute computer code or logic associated with
demand forecasting arrangement 670 and predictive resource
consumption arrangement 674.

Referring next to FIG. 7, controlling a cooling unit or
device at a customer site based on predictive energy con-
sumption will be described 1n accordance with an embodi-
ment of the present invention. A process 701 of controlling a
cooling unit begins at step 705 1n which a cooling unit and
resource demand forecasts are monitored, as for example by
an energy controller. That 1s, the operation of the cooling unit
1s elfectively tracked, and the resource demand forecasts
associated with the head-end are generally known.

In step 709, 1t 1s determined whether there 1s a peak amount
of consumption that 1s forecasted at a future time, and 1s
predicted to exceed the amount of resources readily available
to the head-end. It should be appreciated that 1n 1dentifying a
peak consumption at a future time, the future time may be
limited to being within a certain range of time. By way of
example, 1t may be 1identified if there 1s a peak consumption 1n
the future within a certain number of hours from the current
time. If 1t 1s determined that there 1s no future time at which a
peak consumption 1s predicted to exceed available resources,
then the indication 1s that the cooling unit at the customer site
may operate as programmed. As such, process flow returns to
step 705 1n which the cooling unit and resource demand
forecasts are monitored.

Alternatively, 1f the determination 1n step 709 1s that there
1s a predicted peak consumption that 1s expected to exceed the
amount of available resources, then the indication 1s that the
carly use of resources may be ivoked. As such, a determina-
tion 1s made in step 713 as to whether the temperature 1n the
environment of the cooling unit 1s anticipated to be at a
mimmum desired temperature at a future time, €.g., a critical
time such as H, as described above. I the determination 1s
that the temperature 1n the environment 1s anticipated to be at
a mimmum desired temperature at a future time, then the
indication 1s that the early use of resources 1s not to be
invoked. As such, in step 717, the cooling unit 1s allowed to
operate substantially as programmed. After the cooling unitis
allowed to operate substantially as programmed, process flow
returns to step 705 1n which the cooling unit and resource
demand forecasts are monitored.

Returming to step 713, 11 1t 1s determined that the tempera-
ture 1n the environment 1s anticipated not to be at approxi-
mately a mimmum desired temperature at a future time, then
the implication 1s that the temperature of the environment 1s to
be reduced to approximately a minimum desired temperature,
¢.g., a lower threshold or endpoint 1n a desired temperature
range. Accordingly, 1n step 721, an appropriate time at which
to begin a cooling process 1s determined. The appropriate
time at which to turn the cooling unit on such that a cooling
process may begin may be determined such that the minimum
desired temperature 1s approximately reached when resource
demand peaks, or when resource consumption 1s predicted to
exceed readily available resources.

Once the time at which to begin a cooling process 1s deter-
mined, an energy controller effectively 1dentifies when that
time has arrived. When the time at which to begin a cooling,
process 1s reached, the cooling unit may be turned on, e.g.,
such that cooled air 1s provided to the environment, 1n step
725. The cooling unit 1s turned on and remains on at least until
the minimum desired temperature, and/or the critical time, 1s
approximately reached. It should be appreciated that a tem-
perature of less than the mimimum desired temperature may
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be reached. After the cooling unit 1s turned on and allowed to
remain on at least until the mimmimum desired temperature
and/or the critical 1s reached, process tlow returns to step 705
in which the cooling unit and resource demand forecasts are
monitored.

With reference to FI1G. 8, a method of controlling a heating
unit at a customer site based on predictive energy consump-
tion will be described 1n accordance with an embodiment of
the present invention. A process 801 of controlling a heating
unit begins at step 805 1n which the heating unit and resource
demand forecasts are monitored, as for example by an energy
controller. A determination 1s made 1n step 809 as to whether
a peak amount of consumption 1s predicted in the near future,
and demand 1s predicted to exceed the amount of resources
readily available to the an electric grid section associated with
the heating system at the future time. If 1t 1s determined that
there 1s no future time, e.g., that there 1s no time within a
particular time period, at which demand for resources 1s pre-
dicted to exceed readily available resources, process flow
returns to step 805 1n which the heating unit and resource
demand forecasts are monitored.

Alternatively, 11 the determination 1n step 809 1s that a
predicted peak consumption, or a predicted peak demand, 1s
expected to exceed the amount of readily available resources,
then the indication 1s that the early use of resources may be
invoked. As such, a determination 1s made 1n step 813 regard-
ing whether the temperature in the environment associated
with the heating unit 1s anfticipated to be at a maximum
desired temperature at a future time. It should be appreciated
that the maximum desired temperature 1s typically the upper
threshold in a desired temperature range. If the determination
1s that the temperature in the environment 1s anticipated to be
at a maximum desired temperature at a future time, then the
indication 1s that the early use of resources 1s not to be
invoked. It the early use of resources 1s not to be invoked, the
heating unit 1s allowed to operate substantially as expected,
¢.g., substantially as an energy controller 1s programmed to
cause the heating unit to operate, 1n step 817. After the heating
unit 1s allowed to operate substantially as expected, process
flow returns to step 805 in which the heating unit and resource
demand forecasts are monitored.

Returning to step 813, 11 1t 1s determined that the tempera-
ture 1n the environment 1s not anticipated to be at approxi-
mately a maximum desired temperature at a future time at
which a peak consumption 1s predicted to exceed available
resources, then the implication 1s that the temperature of the
environment 1s to be raised to approximately a maximum
desired temperature. Accordingly, 1n step 821, an appropriate
time at which to begin a heating process 1s identified. The
appropriate time may be determined such that the maximum
desired temperature 1s approximately reached when resource
demand peaks, or when resource consumption is predicted to
exceed readily available resources.

When a time at which to begin a heating process 1s 1denti-
fied, an energy controller etfectively identifies when that time
has arrived. The heating unit may be turned on, €.g., such that
heated air 1s provided to the environment, 1n step 825 once the
time at which to begin the heating process 1s reached. The
heating unit 1s turned on and remains on at least until the
maximum desired temperature and/or a critical time 1s
approximately reached. The heating unit may, 1n one embodi-
ment, remain on until the maximum desired temperature 1s
exceeded. After the heating unit 1s turned on and allowed to
remain on at least until the maximum desired temperature
and/or a critical time 1s reached, process flow returns to step
803 1n which the heating unit and resource demand forecasts
are monitored.
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Although only a few embodiments of the present invention
have been described, 1t should be understood that the present
invention may be embodied in many other specific forms
without departing from the spirit or the scope of the present
invention. By way of example, an EC-controlled device gen-
crally draws some amount of power, and an energy controller
draws some amount of power to obtain information regarding
the temperature of an environment from a thermostat. Turn-
ing on a device generally mmvolves providing an increased
amount of power or energy to the device such that the device
may cool air or heat air as appropriate. Similarly, turning off
a device generally involves substantially decreasing the
amount of power or energy provided to the device such that
the device no longer cools or heats air. In other words, when
an EC-controlled device 1s on, the EC-controlled device
elfectively generates cooled or heated air. On the other hand,
when an EC-controlled device 1s off, the EC-controlled
device effectively does not effectively generate cooled or
heated air.

While energy 1s described as being a resource which may
be consumed based on predictions of future demand and/or
supply, 1t should be appreciated that the present invention 1s
not limited to resources associated with energy Further, the
types of energy which may be consumed based on predictions
of future demand and/or supply may vary widely. The types of
energy or power may be associated with, but are not limited to
being associated with, solar sources, electricity, gas, oil, coal,
nuclear sources, hydraulic sources, and the like. In one
embodiment, electricity 1s the resource that may be consumed
based on predictions of future demand and/or supply. It
should be appreciated that resources are not limited to being
associated with power generation capacity, but may also be
associated with capacities of power transmissions grids.

A customer, e.g., an owner of a programmable EC-con-
trolled device that 1s suitable for being controlled by an
energy controller, may elect not to allow the energy controller
to eflectively override the operation of the device. That 1s, a
customer may prevent the energy controller from 1nvoking
the early use of resources 1n anticipation ol peak consumption
being reached without departing from the spirit or the scope
of the present invention. In one embodiment, a customer site
may effectively notily the head-end that the device at the
customer site will not participate 1n any early use of resources.
It should be appreciated, however, that the head-end may
instead notity the customer site each time that a peak load
condition 1s forecasted, and allow the customer site to inde-
pendently decide each time whether to support invoking the
carly use of resources.

Predictive energy consumption has generally been
described as being used 1n conjunction with EC-controlled
devices. Such devices may include, but are not limited to
including, air conditioners, heaters, refrigerators, freezers,
and substantially any other device or appliance that 1s respon-
sible for altering or maintaiming a temperature range. It
should be appreciated, however, that predictive energy con-
sumption 1s not limited to being used 1n conjunction with
EC-controlled devices. For instance, predictive energy con-
sumption may be used 1n conjunction with a data back-up
system. A data back-up system which 1s arranged to back-up
data at a scheduled time may be used to back-up data at an
carlier time and potentially aver the need to run a back-up
process at the scheduled time.

As mentioned above, EC-controlled devices are arranged
to operate to maintain a temperature range or band 1n an area.
In one embodiment, EC-controlled devices may be arranged
to support more than one temperature range. By way of
example, during normal operations or operations when there
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1s no 1nvocation of early energy use, EC-controlled devices
may be programmed to maintain a temperature between a first
temperature T1 and a second temperature T2. EC-controlled
devices may further be programmed such that when an energy
supplier determines that an energy shortage is likely to occur
in the relatively near future, a broader temperature range may
be defined. The broader temperature range may allow for the
temperature in the area to be cooled to less than T1 or to be
heated to more than 12, as appropriate. Utilizing a broader
temperature range allows the EC-controlled devices to effec-
tively prepare their designated areas to sustain longer periods
substantially without utilizing energy, and essentially without
compromising the comiort level of customers.

Predictive consumption may be applied to efficiently use a
resource such as energy at substantially any time. In one
embodiment, 1 an EC-controlled device present 1n an envi-
ronment 1s programmed such that the EC-controlled device 1s
turned ofl at a future time, €.g., to conserve energy when
nobody 1s 1n the environment, the temperature in an environ-
ment serviced by the EC-controlled device may be allowed to
reach one threshold 1 a desired temperature range. For
instance, 11 an EC-controlled device 1s arranged to cool an
environment and to maintain a temperature in the range of
between approximately 65 degrees Fahrenheit and approxi-
mately 78 degrees Fahrenheit, 11 1t 1s known that the EC-
controlled device will effectively be turned off at a given time,
the EC-controlled device may be controlled such that the
temperature 1s approximately 78 degrees Fahrenheit at that
given time. In other words, EC-controlled device may operate
to reduce the temperature as appropriate in an environment
while maintaining the temperature within a desired range, but
may operate such that the environment 1s at approximately the
highest desired temperature at the time the EC-controlled
device 1s turned off. Generally, 11 nobody 1s going to be in an
environment, it may be desirable not to maintain the tempera-
ture of the environment 1n a desired temperature range, as
maintaining the temperature in the desired temperature range
utilizes energy and there would be nobody 1n the environment
to benefit from such a usage of energy.

In one embodiment, a peak consumption and a peak
demand may be substantially the same. It should be appreci-
ated, however, that a peak consumption and a peak demand
may vary, as a substantially maximum amount of resources
consumed may be lower than a substantially maximum
amount of resources demanded or otherwise requested.

Although the early use of resources has been described as
being associated with 1dentifying a future peak 1n resource
demand or consumption, the early use of resources 1s not
limited to being mnvoked in response to substantially reducing
the need for peak consumption shaving in the future. By way
of example, a system may be set such that if a resource
demand 1s predicted as exceeding a particular level at a future
time, an EC-controlled device may be turned on such that an
approximately maximum temperature or an approximately
minimum temperature, as appropriate, 1s reached at that
future time. The particular level may be a level that does not
elfectively correspond to a peak demand or consumption, but
may be a level that a system prefers not to exceed 11 possible.

In lieu of using a head-end to substantially control an
EC-controlled device, other embodiments of the present
invention may substantially control an EC-controlled device
using a distributed mode or a combination of a head-end and
a distributed mode. By way of example, 1n a distributed mode,
a head-end may substantially only provide information to an
energy controller, and the energy controller may use that
information to control an EC-controlled device. Another
mode may effectively involve a hybrid of using a head-end to
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substantially control an EC-controlled device and using sub-
stantially only an energy controller to substantially control
the EC-controlled device without departing from the spirit or
the scope of the present invention.
The embodiments of the present invention may be imple-
mented as hardware and/or software logic embodied 1n a
tangible medium that, when executed, 1s operable to perform
the various methods and processes described above. That 1s,
the logic may be embodied as physical arrangements or com-
ponents. For example, an arrangement that determines when
to turn on a thermostat-controlled unit such that a desired
target temperature may be reached, and the unit may turned
off, when an actual demand for energy resources exceeds an
available amount of resources may include hardware logic,
soltware logic, or a combination of both hardware and soft-
ware logic. The tangible medium may be substantially any
computer-readable medium that 1s capable of storing logic
which may be executed, e.g., by a computing system, to
perform methods and functions associated with the embodi-
ments of the present mnvention.
The steps associated with the methods of the present inven-
tion may vary widely. Steps may be added, removed, altered,
combined, and reordered without departing from the spirit of
the scope of the present invention. Therefore, the present
examples are to be considered as 1llustrative and not restric-
tive, and the 1nvention 1s not to be limited to the details given
herein, but may be modified within the scope of the appended
claims.
What 1s claimed 1s:
1. A method comprising:
identifying a first time, the first time being associated with
a first demand amount for a resource;

providing the resource to a device such that the device
changes an area temperature from a first temperature to
approximately a second temperature, wherein the sec-
ond temperature 1s approximately reached at approxi-
mately the first time, and wherein the device 1s an EC-
controlled device, the EC-controlled device being
arranged to maintain the area temperature within an
associated temperature band, the associated temperature
band having an endpoint, the first temperature being
within the associated temperature band; and

withholding the resource to the device when the second
temperature 1s approximately reached at approximately
the first time, wherein the endpoint 1s associated with a
maximum temperature of the associated temperature
band and the second temperature i1s greater than the
maximum temperature, and wherein providing the
resource to the device allows the device to heat the area
temperature to approximately the second temperature.
2. The method of claim 1 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s energy.
3. The method of claim 1 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s a transmission capacity.
4. A method comprising:
identifying a first time, the first time being associated with
a first demand amount for a resource;

providing the resource to a device such that the device
changes an area temperature from a first temperature to
approximately a second temperature, wherein the sec-
ond temperature 1s approximately reached at approxi-
mately the first time, and wherein the device 1s an EC-
controlled device, the EC-controlled device being
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arranged to maintain the area temperature within an
associated temperature band, the associated temperature
band having an endpoint, the first temperature being
within the associated temperature band; and

withholding the resource to the device when the second
temperature 1s approximately reached at approximately
the first time, wherein the endpoint 1s associated with a
minimum temperature of the associated temperature
band and the second temperature 1s lower than the mini-
mum temperature, and wherein providing the resource
to the device allows the device to cool the area tempera-
ture to approximately the second temperature.

5. Logic encoded 1n one or more non-transitory tangible

media for execution and when executed operable to:

identify a first time, the first time being associated with a
first demand amount for a resource;

provide the resource to a device such that the device
changes an area temperature from a first temperature to
approximately a second temperature, wherein the sec-
ond temperature 1s approximately reached at approxi-
mately the first time, and wherein the device 1s an EC-
controlled device, the EC-controlled device being
arranged to maintain the area temperature within an
associated temperature band, the associated temperature
band having an endpoint, the first temperature being
within the associated temperature band; and

withhold the resource to the device when the second tem-
perature 1s approximately reached at approximately the
first time, wherein the endpoint 1s associated with a
maximum temperature of the associated temperature
band and the second temperature i1s greater than the
maximum temperature, and wherein the logic operable

to provide the resource to the device allows the device to
heat the area temperature to approximately the second
temperature.

6. The logic of claim 5 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s energy.

7. The logic of claim 5 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s a transmission capacity.

8. Logic encoded 1n one or more non-transitory tangible
media for execution and when executed operable to:

identily a first time, the first time being associated with a

first demand amount for a resource:

provide the resource to a device such that the device

changes an area temperature from a first temperature to
approximately a second temperature, wherein the sec-
ond temperature 1s approximately reached at approxi-
mately the first time, and wherein the device 1s an EC-
controlled device, the EC-controlled device being
arranged to maintain the area temperature within an
associated temperature band, the associated temperature
band having an endpoint, the first temperature being
within the associated temperature band; and

withhold the resource to the device when the second tem-

perature 1s approximately reached at approximately the
first time, wherein the endpoint 1s associated with a
minimum temperature ol the associated temperature
band and the second temperature 1s lower than the mini-
mum temperature, and wherein the logic operable to
provide the resource to the device allows the device to
cool the area temperature to approximately the second
temperature.
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9. An apparatus comprising:

a resource supply arrangement, the resource supply
arrangement being configured to provide a resource to a
device;

a demand forecasting arrangement, the demand forecast-
ing arrangement being configured to forecast a first time
at which a demand for the resource 1s anticipated to
reach a first level; and

a predictive resource consumption arrangement, the pre-
dictive resource consumption arrangement being
arranged to determine a second time at which to begin to
provide the resource to the device, the second time being,
before the first time, wherein the predictive resource
consumption arrangement 1s further arranged to cause
the resource supply arrangement to provide the resource

to the device beginning at approximately the second
time and ending at approximately the first time.

10. The apparatus of claim 9 wherein the first level corre-
sponds to a level at which the demand for the resource
approximately exceeds an availability of the resource.

11. The apparatus of claim 9 wherein the resource 1s an
energy resource.
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12. The apparatus of claim 9 further including:

a communications interface, the communications interface
being arranged to enable communications with the
device.

13. The apparatus of claim 9 wherein the predictive
resource consumption arrangement 1s arranged to communi-
cate with the device to command the device to alter a tem-
perature associated with the device.

14. The method of claim 4 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s energy.

15. The method of claim 4 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s a transmission capacity.

16. The logic of claim 8 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s energy.

17. The logic of claim 8 wherein the first demand for the
resource 1s a demand for the resource that approximately
exceeds a first available amount of the resource, and wherein
the resource 1s a transmission capacity.
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